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Introduction: Sarcopenia, which is defined as a generalized loss of skeletal
muscle mass and function, is an important clinical condition, especially among
elderly patients with comorbidities. This study assesses the association
between prognosis and sarcopenia assessed by psoas muscle measurements
in elderly male patients with coronavirus disease 2019.

Materials and Methods: This study included 130 consecutive elderly
male patients hospitalized with coronavirus disease 2019. The participants
were followed until their time of discharge or death. The psoas muscle cross-
sectional area, psoas density, and psoas muscle index measurements were
performed based on a single-axial computed tomography section at the L2
vertebral corpus. The outcome measurements of the patients were determined
as intensive care unit admission and mortality.
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Results: During the clinical course of these patients, 29.2% (38) were
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mortality increases approximately 5-30 times as the psoas muscle index
decreases. No factors were identified as being significantly associated with
intensive care unit admission.

Conclusion: In elderly male patients who are hospitalized due to
coronavirus disease 2019, an assessment of the psoas muscle may provide
additional information on the prognosis of the disease.
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INTRODUCTION

The SARS-COV-2 virus that causes coronavirus dis-
ease 2019 (COVID-19) has continued to spread for
more than a year and has led to significant social,
economic, and political problems, bringing about a
significant increase in mortality and morbidity rates,
as with other pandemics. More than 126 million
people worldwide had been diagnosed with COV-
ID-19, and nearly 3 million people had died from
COVID-19-related causes as of March 29, 2021 (1).
These numbers are a strong indicator of the mag-
nitude of the pandemic and its threat to current
healthcare systems due to limited resources.

During pandemics, limited access to healthcare
resources requires appropriate triage, and for both
appropriate triage and successful patient manage-
ment, prognostic factors should be well known (2).
Previous studies have found advanced age, male
gender, high Sequential Organ Failure Assessment
Scores, and high D-dimer levels and comorbidities
to be associated with poor prognosis in COVID-19
patients (3, 4). In addition, a recent meta-analysis
found that frailty increases the severity, morbidity,
and mortality risk associated with COVID-19 (2).
Several guidelines, such as the National Institute
for Health and Care Excellence guidelines, can be
recommended for the assessment of frailty in COV-
ID-19 patients over the age of 65 years (5). Frailty is
associated with several clinical conditions, but it is
often accompanied by sarcopenia (6). Defined as a
generalized loss of skeletal muscle mass and func-
tion, sarcopenia is an important clinical condition,
especially among elderly patients with comorbidi-
ties (7), because it affects not only motor activity but
also respiratory function, the immune system, and
the ability of an individual to cope with metabolic
stress (8).

Many radiological and anthropometric measure-
ment methods have been used to measure skeletal
muscle mass as a sarcopenia assessment method,
including dual-energy X-ray absorptiometry, com-
puted tomography (CT), and magnetic resonance
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imaging. Although muscle mass measurements
that are taken from whole-body images yield defi-
nite results, the approach is not practical due to
its cost, time requirement, and radiation exposure
(7). This has led to single-level axial CT and mus-
cle cross-sectional area (CSA) measurement tech-
niques being applied in previous studies. The high
inter-observer agreement of CSA measurements in-
creases their reliability (9). It has been observed that
the CSA measurements of various muscles, such as
the psoas muscle, the paravertebral muscles, and
the thigh muscles, performed using this method re-
flect overall body muscle mass (7).

Psoas muscle CSA or psoas muscle index (PMI)
measurements from CT images have been shown
to have prognostic value in various diseases (9-12).
Some studies have reported a relationship between
the psoas muscle CSA and the duration of ventilator
weaning and mortality in elderly intensive care pa-
tients and hospital mortality in pulmonary embolism
patients monitored in the intensive care unit (ICU)
(11-12). However, to the best of our knowledge,
there have been no studies to date evaluating the
association between psoas muscle measurements
and the course of disease in elderly COVID-19 pa-
tients. Accordingly, the present study assesses the
association between psoas muscle CSA, psoas den-
sity, and PMI measurements and ICU admission and
mortality in elderly male patients hospitalized with
COVID-19.

MATERIALS AND METHODS
Study population

This study included 130 consecutive elderly male
patients over 65 years of age who were diagnosed
with COVID-19 via a real-time reverse transcrip-
tion-polymerase chain reaction test on nasopharyn-
geal/oropharyngeal swab samples. The patients
were hospitalized in accordance with the Turkish
Ministry of Health COVID-19 Patient Management
algorithm between May 1, 2020 and July 30, 2020
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in a training and research hospital that is a tertiary
care referral hospital in Turkey (13). Patients with a
history of ICU stay for any reason, a history of spinal
surgery, artifacts on CT images that could affect the
analysis, or scoliosis were excluded from the study.
The study patients were followed up until their time
of discharge or death. The patients who were trans-
ferred to the ICU during follow-up were included in
the ICU group, and patients who died during fol-
low-up either on the ward or in the ICU were includ-
ed in the mortality group. Local ethics committee
approval was obtained prior to undertaking the
study (E-95860085-050.02.04-19842-2020/75). The
participants were provided with written and verbal
information, and all provided their consent. This
study was conducted in accordance with the Dec-
laration of Helsinki.

Clinical data and outcome measures

The age, body mass index (BMI), and comorbid-
ities of the study participants were recorded. The
time from the onset of symptoms at admission,
body temperature measurements, respiratory rate
per minute, oxygen saturation in room air, PaO2/
FiO2, and laboratory values (creatinine, leukocyte
count, lymphocyte count, hemoglobin, platelet
count, ALT, AST, LDH, CK, ferritin, CRP, procalciton-
in, D-dimer, and PT) were recorded. The outcome
measurements of the patients who were followed
up until discharge or death were determined as ICU
admission and mortality.

The above-mentioned algorithm recommends
the performance of thoracic CT on patients with
at least one of the following findings: respiratory
distress, low oxygen saturation in room air (SpO2
< 93%), a respiratory rate per minute = 24, and the
presence of other pathological findings upon res-
piratory system examination. The algorithm recom-
mends hospitalization for patients with poor prog-
nostic criteria on blood tests (blood lymphocyte
count 10x the upper limit of normal, ferritin > 500
ng/ml, or D-dimer > 1,000 ng/ml, etc.), a respiratory

rate > 24/minute, SpO2 in room air < 93%, or bilat-
eral diffuse (> 50%) involvement on lung imaging.
It further suggests that upon hospitalization or fol-
low-up, patients can be followed in the ICU if they
have any of the following symptoms (13):

e Dyspnea and respiratory distress, a respira-
tory rate = 30/min, and PaO2/FiO2 < 300,
despite current treatment,

® Increased need for oxygen at follow-up

e SpO2 < 90% or PaO2 <70 mmHg, despite 5
L/min oxygen therapy

e Hypotension (systolic blood pressure < 90
mmHg or a drop in normal systolic blood
pressure greater than 40 mmHg and mean
arterial pressure < 65 mmHg, tachycardia >
100/min)

e Development of acute organ dysfunction,
such as acute kidney injury, any disorder
revealed in acute liver function tests, confu-
sion, acute hemorrhagic diathesis, and im-
munosuppression

e Elevated troponin and arrhythmia
e lactate > 2 mmol
* Impaired capillary refill

e  Skin disorders, such as cutis marmorata

Computed tomography image analysis and
psoas muscle measurements

CT examinations were conducted using the im-
ages acquired at the time of the initial hospital ad-
mission. The images were numbered, and two dif-
ferent sort orders were created using a computer
program. The first order involved the assessment
of parenchymal involvement on the thoracic CT
images, while the second order included measure-
ments of the psoas muscle. The thoracic CT images
were classified by the radiologist as consolidation,
ground-glass appearance, and bilateral diffuse in-
filtration depending on the type of parenchymal in-
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volvement (14). Psoas muscle measurements were
performed independently and manually by a radiol-
ogist and a physiatrist who were blinded to the clin-
ical and laboratory findings of the patients based
on a single axial section at the L2 vertebral corpus
using the previously published technique (15). The
psoas muscle boundaries were determined using
the specific Hounsfield unit threshold of —29 to
+150 for skeletal muscle. The psoas muscle CSA
was measured separately for the right and left sides
using the Karmed PACS (Kardelen Software, Turkey)
program (Figure 1), with three consecutive measure-
ments conducted for the right and left psoas mus-
cles, which were then averaged. The mean psoas
muscle CSA was obtained by summing the values
obtained during the separate measurement of the
psoas muscle CSA on both sides and dividing by
two. To normalize the CSA measurement, the mean
psoas muscle CSA was divided by the BMI, yielding
the PMI (16). Psoas density was measured using the
Hounsfield unit average calculation approach with
the following formula (17):

Hounsfield unit average calculation = [(right
mean psoas Hounsfield unit density X right CSA) +
(left mean psoas Hounsfield unit density X left psoas
CSA)] / (Total CSA)

Figure 1. Bilateral psoas muscle cross-sectional area
measurement in a single axial computed to-
mography section at the L2 vertebral corpus

-

Area=4.218 cm? "
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Statistical analysis

This study used the baseline data upon patient
admission, and statistical analyses were performed
using IBM SPSS Statistics (Version 22.0. Armonk, NY:
IBM Corp.). The normality of the variables was ana-
lyzed using visual (histogram and probability plots)
and analytical methods (Kolmogorov-Smirnov/
Shapiro-Wilk tests). Descriptive values were pre-
sented as the median and interquartile range for
non-normally distributed variables and frequency
and percentage for ordinal and nominal variables.
Nominal variables were compared with a Chi-
square analysis, while ordinal variables and other
clinical, radiological, and laboratory parameters
were compared with a Kruskal-Wallis test due to
the non-normal distribution. Pairwise comparisons
were made with a Mann-Whitney U test and evalu-
ated using the Bonferroni correction. A multinomi-
al logistic regression analysis was used to examine
the clinically suspected independent variables that
caused either the transfer of patients from the ward
to the ICU or death. Outcome measurements, ICU
admission, and mortality were used as the depend-
ent variables. A total type-1 error level of 5% was
used for statistical significance.

RESULTS

This study included 130 consecutive elderly male
patients. The median age was 74 (68-79) years, and
the median BMI was 22.4 kg/m? (20.5-24.5). Among
the participants, 93.8% (122) had at least one comor-
bidity, and the most common comorbidities were
type 2 diabetes mellitus, hypertension, and chronic
obstructive pulmonary disease, with a prevalence
of 23.8% (31), 26% (20), and 16.9% (22), respective-
ly. The median time from the onset of symptoms at
admission was 6 days (4-8), median body temper-
ature was 37.4°C (36.8-38.6), and median oxygen
saturation on room air was 88% (86-89). There was
consolidation, a ground glass appearance, and bi-
lateral involvement on thoracic CT images in 27.7%
(36), 35.3% (46), and 36.9% (48) of the patients, re-
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spectively. The median psoas muscle CSA was 2.09
cm? (1.55-3.06), the median PMI was 0.09 cm?/kg/
m? (0.07-0.12), and the median psoas density was
49.9 (44.6-53.7) on CT images acquired at the time
of initial hospital admission. The demographic, clin-
ical, laboratory, and radiological findings of the par-
ticipants are presented in Tables 1 and 2. Interob-
server agreement was excellent, and the interclass
correlation coefficients were 0.91 and 0.93 for the
psoas muscle CSA and density, respectively.

During the clinical course of this patient sam-
ple, who were treated as inpatients on a pandem-
ic ward upon hospital admission, 29.2% (38) were
transferred to the ICU, 13.1% (17) died either on
the ward or in the ICU, and 57.7% (75) were on the
ward until discharge. All three groups shared similar
demographic data, clinical findings, laboratory find-
ings, and lung involvement type (Tables 1 and 2).
The psoas muscle CSA and PMI were lower in the
non-surviving patients than in the other two groups
(p < 0.001 for both), while there was no statistically
significant difference between the ICU group and
the ward group (p = 0.09, p = 0.06). The mean psoas
densities recorded in the groups were similar (p =
0.58) (Table 2).

Table 3 presents the results of a multinomial
logistic regression analysis conducted to examine
the factors associated with the need for intensive
care and mortality in COVID-19 patients, showing
that PMI, age, and comorbidity are all significant-
ly associated with mortality (p = 0.001, p = 0.017,
and p = 0.019, respectively). The results show that
the probability of mortality increases approximately
5-30 times as the PMI decreases and age increases
and 1.7-2.6 times due to comorbidity. No factors
were identified that were significantly associated
with the ICU.

DISCUSSION

In the present study, we examined the prognostic
significance of the psoas muscle CSA, psoas densi-

ty, and PMl values for mortality and ICU admission in
elderly male patients with COVID-19. The PMI was
found to be associated with mortality, while no sig-
nificant association was identified between PMI and
ICU admission for elderly male patients with COV-
ID-19. Furthermore, no association could be estab-
lished between psoas density and psoas CSA and
ICU admission or mortality in elderly male patients
with COVID-19. These results are demonstrated for
the first time in the literature in the present study.

A low PMI value has been shown to indicate a
poor outcome in several acute and chronic clinical
conditions (9-12). The present study revealed a re-
lationship between PMI and mortality in COVID-19,
which can lead to acute, aggressive, multi-organ
failure and mortality. Considering the effects of frail-
ty and sarcopenia, which is one of the most impor-
tant components of frailty, on both the immune sys-
tem and metabolic stress and respiratory function,
this finding is not surprising (18, 19).

Muscle density is believed to reflect muscle
quality because it provides information about intra-
muscular fat storage (20). Although psoas muscle
density was shown to be associated with outcome
measures of enterocutaneous fistula therapy and
certain conditions, such as trauma and gastroin-
testinal oncological operations, we were unable to
establish any association between psoas muscle
density and ICU admission and mortality among
the hospitalized COVID-19 patients in the present
study (10, 17, 20-21). This result does not necessarily
rule out the effect of muscle quality on prognosis
because muscle quality is also an important factor
in frailty as well as muscle quantity (7). There are
many individual factors that could not be evaluat-
ed in the present study, such as anatomical struc-
ture, biomechanical properties, neuromuscular and
metabolic performance, and their effects on muscle
quality, which might have led to this result (19). Fur-
thermore, the sample was fairly small and included
only elderly male hospitalized COVID-19 patients.
Therefore, we may not have reached a sufficient size
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Table 1. Demographic, clinical and laboratory findings of the patients

All patients Patients who on | Patients who trans- | Patients who died P
(n=130) the ward until dis- | ferred to the ICU | either on the ward
charge (n=38) or in the ICU
(n=75) (n=17)
Age, years 74(68-79) 72(68-79) 74(68-79) 77.3(75-84) 0.14
Sex, male, n(%) 130(100) 75(100) 38(100) 17(100) 1
BMI, kg/m2 22.4(20.5-24.5) 22.6(20.82-24.68) 21.6(20.04-24.27) 22.1(21.2-26.8) 0.75
Symptom Duration, days 6(4-8) 6(4-8) 6(4-7) 6(5-8) 0.93
Body Temperature, °C 37.4(36.8-38.6) 37.6(36.8-38.6) 37.5(36.8-38.8) 37.3(36.8-38.2) 0.73
Oxygen Saturation, % 88(86-89) 88(84-88) 87(85-89) 88(83-88) 0.72
Comorbidities 0.38
Hypertension 26(20%) 14(18.7%) 9(23.7%) 3(17.6%)
Diabetes mellitus 31(23.8%) 18(24%) 10(26.3%) 3(17.6%)
COPD 22(16.9%) 13(17.3%) 6(15.8%) 3(17.6%)
Malignancy 7(5.3%) 2(2.7%) 3(7.9%) 2(11.8%)
Heart failure 5(3.8%) 2(2.7%) 2(5.26%) 1(5.8%)
Cardiovascular 15(11.5%) 11(14.7%) 2(5.3%) 2(11.8%)
Disease
Inflammatory 4(3.1%) 1(1.3%) 2(5.2%) 1(5.8%)
Rheumatic Disease
Chronic renal failure 8(6.1%) 2(2.7%) 4(10.5%) 2(11.8%)
Dementia 3(2.3%) 1(1.3%) 1(2.6%) 1(5.8%)
Laboratory Results
Hemoglobin, g/dl 12.5(11.2-13.8) 12.7(11.2-14.1) 12.7(11.3-14) 12.2(11.2-13.8) 0.68
WBC, uL 8700(5700-11550) 8700(5700-12000) 8750(6400-11400) 9400(5300-11400) 0.63
Lymphocytes, uL 800(490-1030) 870(540-1030) 785(490-1010) 760(360-980) 0.65
Thrombocyte, uL 224000(170500- 224000(160000- 206000(183-270000) 183000(145000- 0.75
267000) 253000) 253000)
ALT, U/L 26(19-36) 26(19-36) 25.5(17-33) 32(20-50) 0.70
AST, U/L 30(11-47) 31(13-45) 33.2(12-49) 37.1(17-51) 0.57
Creatinine, mg/dl 0.9(0.8-1.3) 0.9(0.7-1.2) 0.9(0.7-1.3) 0.9(0.8-1.5) 0.42
LDH, U/L 446(325-571) 380.3(325-574) 465(333-574) 326(286-491) 0.14
CK, U/L 113 (71-278) 113 (81-345) 113(71-345) 85(64-158) 0.57
Ferritin, ng/ml 469(274-1141) 462(274-1114) 474(234-1141) 407(337-1278) 0.66
D-Dimer, ng/ml 462(340-872) 462(340-1076) 437(340-804) 413(340-799) 0.96
CRP, mg/dl 101(66-137) 101(68-149) 101(68-149) 98(54-125) 0.55
PT, s 14.7(13.5-16) 14.6(13.5-16) 14.65(13.4-15.9) 14.9(14.1-16) 0.94
Procalcitonin, ng/mL 0.17(0.01-0.29) 0.18(0.09-0.24) 0.22(0.1-0.29) 0.24(0.1-0.44) 0.69

Values were presented as median and interquartile range for non-normally distributed variables, and frequency and percentage for

nominal variables

Abbreviations ALT: Alanine amino transferase, AST: Aspartate amino transferase, COPD: Chronic obstructive pulmonary disease, CK:
Creatinine phosphokinase, CRP: protein, ICU: Intensive care unit, LDH: Lactate dehydrogenase, PT: Prothrombin time, WBC: White

blood cell
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Table 2. Radiological findings of the patients

All patients Patients who on | Patients who trans- | Patients who died P
(n=130) the ward until dis- | ferred to the ICU | either on the ward
charge (n=38) or in the ICU
(n=75) (n=17)
Type of Pulmoner
Involvement 045
Consolidation 36(27.7%) 23(30.7%) 11(28.9%) 2(11.8%)
Ground glass 9 o 9 9
appearance 46 (35.3% ) 25(33.3%) 15(39.5%) 6(35.3%)
Bilateral o o 9 0
involvement 48 (36.9% ) 27(36%) 12(31.6%) 9(52.9%)
Psoas CSA, cm? 2.09 (1.55-3.06) 2.55(1.74-3.44) 1.96(1.67-2.62) 1.35(1.17-1.6) <0.001
PMI, cm?/kg/m? 0.09 (0.07-0.12) 0.11(0.08-0.14) 0.09(0.08-0.11) 0.06(0.05-0.07) <0.001
Psoas density, HU 49.9 (44.6-53.7) 50.20(43.84-54.52) 50.27(44.74-53.23) 48.9(46.94-50.49) 0.587

Values were presented as median and interquartile range for non-normally distributed variables, and frequency and percentage for

nominal variables

Abbreviations CSA: Cross sectional area, ICU: Intensive care unit, PMI: Psoas muscle index

Table 3. Association between outcome measures, and clinical and radiological data

ICU admission Mortality

P Adj. OR (%95 ClI) P Adj. OR (%95 Cl)
Age, years 0.535 1.018 (0.962-1.077) 0.017 1.181 (1.030-1.355)
Body temperature, °C 0.514 0.956 (0.836-1.094) 0.746 0.961 (0.757-1.221)
Symptom Duration, days 0.841 0.984 (0.840-1.153) 0.950 1.012 (0.704-1.454)
Comorbidity 0.146 1.171 (0.947-1.449) 0.019 1.692 (1.089-2.628)
Psoas CSA, cm? 0.653 0.800 (0.302-2.117) 0.430 2.674(0.232-30.771)
PMI, cm?/kg/m? 0.845 0.860 (0.195-3.796) 0.001 5.204 (3.743-7.236)
Psoas Density, HU 0.916 1.003 (0.943-1.068) 0.294 0.934 (0.821-1.061)

Abbreviations CSA: Cross sectional area, ICU: Intensive care unit, PMI: Psoas muscle index
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or level of diversity to accurately identify the rela-
tionship between muscle quality and prognosis.

While there are some other studies investigating
the effect of CT-derived muscle properties on prog-
nosis in COVID-19 patients, the present study is the
first to examine the effect of psoas muscle measure-
ments on prognosis. Previous studies have exam-
ined the effect of the CT-derived properties of the
paravertebral and pectoral muscles on outcome,
but they have reported conflicting results (22-24).
Feng et al. found that the CSA and index of the
erector spina and multifidus muscles at the level of
the T12 vertebra were not associated with the com-
posite outcome measure, which was determined as
mortality and critical illness, among patients who
underwent thoracic CT due to COVID-19; however,
muscle density was associated with the composite
outcome measure in women, but not in men, sim-
ilar to our study (22). In a study by Poilina et al., no
association could be identified between the para-
vertebral muscles index at the level of the T12 ver-
tebra and mortality, ICU admission, or the need for
invasive mechanical ventilation (23). Ufuk et al., in
turn, reported that the pectoralis major and minor
muscles index was associated with poor prognosis,
as in our study (24). These conflicting results can
be attributed to methodological factors, such as
differences in muscle characteristics, the outcome
measurements, and the age, gender, and comor-
bidities of the study patients. In addition, muscle
CSA measurements at the L2 level are known to be
better correlated with total body muscle mass than
the muscle CSA measurement at the T12 level (25),
which makes our results more reliable. Reliable re-
sults can only be achieved if the correct muscle is
evaluated at the correct level.

As also shown in the present study, advanced
age and comorbidity are well known to be associ-
ated with mortality in COVID-19 patients (3-4), and
age and comorbidity remain important factors for
elderly male patients. Another natural outcome of
the present study’s sample is the high mortality rate,
which can be affected by patient population-relat-
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ed factors, such as age, gender, comorbidities,
hospitalization, presence of lung involvement, and
hospital facilities (24). It is thus not surprising that
our mortality rate differs from that of other studies.

The present study has several limitations. First,
and perhaps most importantly, was the inclusion of
only older male patients, which affects the results’
generalizability. With that said, obtaining results
specific to the group most prone to frailty asso-
ciated with sarcopenia can be considered valua-
ble. Second, the study was conducted in a single
center—a tertiary university hospital. A third lim-
itation is that only the radiographic properties of
the muscles were evaluated in the study, although
muscle function is as important as muscle mass and
included in the definition of sarcopenia. Finally, all
thoracic CT scans do not extend to the L2 level,
which makes the assessment of the psoas muscle
difficult in daily practice, and it is not known to what
extent the psoas muscle CSA of an upper level re-
flects the total muscle mass.

In conclusion, the PMI was found to be signifi-
cantly associated with mortality in elderly male pa-
tients with COVID-19. In elderly male patients who
are hospitalized due to COVID-19, an assessment
of the psoas muscle may provide additional infor-
mation on the prognosis of the disease. There is
a need for further multi-center clinical studies that
evaluate the PMI and muscle function together, in-
volve young and female patients, and assess the
effect on prognosis of the disease in COVID-19 pa-
tients.
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